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WEIGHTING SCHEMESFOR HOUSEHOLD PANEL SURVEYS
by Antionette Tremblay

1. INTRODUCTION

National panel surveys of household economics have been mounted in many countries in
recent years. The U.S. Panel Study of Income Dynamics (PSID), conducted by the Survey Research
Center of the University of Michigan, began in 1968 and has been collecting data on an annual basis
gnce that time (see Hill, 1992, for adescription of PSID). Household panel surveys similar to PSID
arein progress or are being planned in most European countries, including Belgium, Britain, France,
Germany, Hungary, Ireland, Luxembourg, the Netherlands, Spain and Sweden. 1n 1983, the U.S.
Bureau of the Census started to conduct the Survey of Income and Program Participation (SIPP)
(Nelson et al., 1985; Kasprzyk, 1988; Jabine et al., 1990; Citro and Kalton, 1993). In 1994,
Statistics Canada introduced the Survey of Labour and Income Dynamics (SLID) (Lavalléeet al.,
1993).

A common feature to most of these household panel surveys isthat they start with a nationa
sample of households, and then follow all the members of those households for the life of the panel.
Over the course of time, household compositions change in a variety of ways. Some members of
origina sampled households leave those households to set up on their own or to join other
households. For example, a daughter may leave her parental household to get married. New
members may join origind sampled households, as, for example, when an elderly parent movesin with
the family of achild. In order to be able to describe the economic circumstances of sample individuals
at different points of time, household panedl surveys usually collect data not only for the sample
individuals but also for the individuas living with the sample individuals at the particular point of
time. These latter individuals are termed associated persons in this paper.

Asthe panel duration increases, the proportion of associated persons in the sample at awave
rises. Table 1 illustrates this point from the 1984 SIPP panel. Ininterpreting the resultsin Table 1
it needs to be bornein mind that the 1984 SIPP panel had two short waves (waves 2 and 8) in which
only three-quarters of the sample was interviewed, and also experienced sample reductions in waves
5 and 6 for budgetary reasons. Nevertheless, the resultsin Table 1 provide a general indication of
the increase in the proportions of associated persons over time. After a year associated persons
comprised about 8.6 percent of the sample and after two years they comprised about 12.6 percent
of the sample. With a long-term household panel survey, the proportion of associated persons
becomes substantial after severa years.



Table 1: Per centage of Persons (Adultsand Children) by Wave of Entry to the 1984 S| PP
Panel for Each Wave

Wave Wave
of

entry 1 2 3 4 5 6" 7 8 9
1 100.0 96.3 93.8 91.4 89.8 88.6 87.4 86.6 86.0
2 3.7 2.7 1.6 1.4 1.3 1.2 1.0 1.1
3 35 34 2.4 2.0 1.8 15 15
4 3.6 34 25 21 1.8 1.7
5 29 3.0 21 1.8 1.6
6 2.6 2.6 1.9 1.7
7 3.0 31 2.6
8 2.3 1.8
9 2.0

Totd 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Numbers 53726 41443 56197 55993 51075 45007 44500 32334 41807

"Only 3 of 4 rotation groups were interviewed in waves 2 and 8.
'Sample reductions were made in waves 5 and 6.

Source: Kasprzyk and McMillen (1987).

The purpose of this paper isto consider how weights can be developed for the data collected
from both origina and associated sample persons to be used in producing unbiased (or approximately
unbiased) estimates of population parameters. In considering the analysis of a household panel
survey, three different types of analysis may usefully be distinguished:

° Cross-sectional analyses of households at a particular point in time;
° Cross-sectional analyses of individuals at a particular point in time;
° Longitudinal analyses of individuals over a period of time.

These three types of andysis are discussed below. Longitudinal analyses of households over a period
of time are not treated here because of the problematic nature of this type of analysis caused by
changes in household composition (see, for example, Duncan and Hill, 1985).

In order to prepare for the discussion of weighting schemes, the next section elaborates on
the household changes that can occur over time, and the types of individual involved. The following
sections then discuss weighting schemes that may be used for the different forms of analysis. The
discussion of weighting schemes relies heavily on previous work by Ernst (1989), Gailly and Lavallée
(1993), Huang (1984), Judkins et al. (1984), Lavallée and Hunter (1992), and Little (1989).



2. CHANGESIN POPULATION AND HOUSEHOLD COMPOSITION OVER TIME

In analyzing a panel survey, it needs to be recognized that survey populations change over
time. With household panel surveys two types of change need to be distinguished:

° Changes in population composition;
° Changes in household composition.

The composition of a survey population changes over time because some individuals leave
the population, some enter the population, and some may leave and join the population more than
once. Individuals leave the population through death, emigration, or entering an institution (for
surveys of the noninstitutional population). Individuals enter the population through birth (or
reaching the specified minimum age), immigration, and leaving an institution.

Households change composition over time for many different reasons, including deaths, births
and marriages. Figure 1 illustrates some of the changes that can arise between two points of time.
Household 1 at time 1 contains 4 individuas, who end up in three different households (households
1,2 and 3) at time 2. One of these individuals (D) joins two household members (E and F) from
another household at time 1. Household 3 contains a single individua at time 1 who joins a
household with two individuas from household 2 at time 2. Households 4, 5 and 6 all combine into
asgngle household at time 2. Household 7 splitsinto three separate households at time 2. The lower
case lettersin households 8 and 9 denote persons who were present in the population at one time but
not both times. Person s in household 8 |eft the population between the two time points and person v

in household 10’ entered the population in that period.

Congder now asimple sample design of sdecting 3 households from the 9 households at time
1 in Figure 1 by systematic sampling. The three possible samples are (1,4,7), (2,5,8) or (3,6,9).
Usng the enumeration rule that all original sample persons and all persons living with them at time
2 areto beinterviewed, it can be seen that the population members at time 2 have unequal selection
probabilities. For insgtance, individuals A, B and C have inclusion probabilities of 1/3 at time 2 since
they are included only if household 1 was sampled at time 1; individuals D, E and F have inclusion
probabilities of 2/3 a time 2 since they are included if either household 1 or household 2 was sampled
atimel;, andindividualsJ, K, L, M and N have inclusion probabilities of 1 at time 2 since they are
included if either household 4, or household 5, or household 6 was sampled at time 1. Similarly,
households 1’ and 2’ have inclusion probabilities of 1/3 at time 2 since they are included only if
household 1 was sampled at time 1; household 3’ has an inclusion probability of 2/3 at time 2 since
itisincluded if household 1 or household 2 was sampled a time 1; and household 5’ has an inclusion
probability of 1 sinceit isincluded if either household 4, household 5, or household 6 was sampled
at time 1. Weighting schemes that compensate for these unequal selection probabilities are needed
for the analysis of the resultant data.

Asnoted, households 8 and 9 at time 1 are subject to changes in population composition at
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time 2. Person s in household 8 |eaves the population before time 2, and hence is not represented
in the sample at that time. This does not affect cross-sectional estimates at time 2. Person v in
household 10’ is a new entrant to the population, and is included in the sample if household 9 was
sampled at time 1. Inthisway the household panel survey enumeration rule incorporates some new
entrants into the population for cross-sectional estimates for later time points. However, it does so
only for new entrants who join households that contain individuals who were €ligible for theinitia
sample. New entrants who set up their own households are not represented in later waves of the
pand. Equdly, households composed of only new entrants are not represented in household analyses
at later waves.

Thefailure of household panel surveysto cover households composed of only new entrants
presents a problem for cross-sectional analyses of later waves of the panel. If these households and
their members constitute a negligible proportion of the population, the solution to the problem may
be to simply ignore it. However, if the proportion is appreciable, as can occur in later waves of a
long-term panel, aternative solutions may be called for. One possibility isto add a sample of new
entrants (e.g., immigrants) to the panel. This solution is, however, often impracticable. Another
solution isto limit the population of inference to persons who were members of the population at the
start of the panel. With this solution, new entrants found living with sample members are aso
excluded from the sample. This solution has the virtue of providing the clearest definition of the
population of inference. Whether the solution is appropriate depends on whether that definition can
adequately satisfy the survey objectives.

Changes in population composition pose problems for longitudinal analyses of individuals.
For many purposes, the population of inference is restricted to those who were present in the
population throughout the time period of observation specified for the analysis. The inclusion of
associated persons in longitudina analysis also creates problems. If the time period for the
longitudina analysis starts at the beginning of the panel, the anadysis can be restricted
graightforwardly to origind sample members. If the time period starts later, it is tempting to include
both origind sample members and associated persons joining the panel before the start of the analytic
time period. However, the usua enumeration rules for household panel surveys specify that data are
collected for associated persons only while they continue to live with original sample members, that
is, they are not followed if they cease to live with such persons. Unless the time period is short
enough that the number of associated persons who cease to live with sample personsin that period
isnegligible, this enumeration rule makes it problematic to include associated persons in longitudinal
analyses. Thispoint isdiscussed further below.



3. CROSS-SECTIONAL ESTIMATESFOR HOUSEHOLDS

This section considers weighting schemes that may be used to produce cross-sectional
estimates for households for any wave of a household panel survey after the first. At the first wave
a sample of households is selected and all the individuals in the sampled households become panel
members to be followed throughout the life of the panel or until they leave the survey population.
At a subsequent wave, wave t, the household sample comprises al the households in which panel
members reside. Households that consist of new entrants only are not represented in the sample at
later waves. Such households are assumed to be a negligible proportion of all households and are
ignored here. Initially, complications of nonresponse are aso ignored.

Consider the estimation of thetotal Y for all H households in the population at time t:

Y = XHj Y. (3.1)

i=1

A general estimator for this total can be expressed as
- H
Y=Y wy,
i=1

where w;, isarandom varidble that takes the value w, = 0 if household i isnot in the sample. The

expectation of VY is
- H
E(Y) = Y E(w,)Y.. (3.2
i=1
By comparing equations (3.1) and (3.2), it can be seen that Y isunbiased for Y for any weighting
scheme for which E(w,) = 1.
There are many ways to satisfy the condition E(w,) = 1. Three will be treated here. First,
consider a standard inverse selection probability weighting scheme. As Figure 1 illustrates, some
households at time t have severd paths leading to their salection from the households at time 1. The
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probability of a household being in the sample a time t is the probability of one or more of the

households at time 1 from which it has drawn members being selected for the original sample. The
probability of household H, being in the sample a time t isthen

P(H) = P(hUhUhU..)

(3.3)
= ©P(h) - XXP(h,Nh,) + EEXP( N hNh) ...

where P(h, Uh Uh, U...) isthe sdlection probability of the union of original households hj» heo hy,
etc., for the origind sample, P(hj) is the selection probability of origina household hj for the origind
sample, P(hj Mh,) isthejoint selection probability of original households hj and h, for the original
sample, etc., and where households hj, h., h,, etc., each contain at least one member who is
currently in household H.. The weight for each sampled household isthen w, = 1/P(Hi). With this
weighting scheme,

E(w;) = P(H;)[1/P(H))] +[1-P(H))]0 = 1,

satisfying the condition for an unbiased estimator of a population total.

In practice, the computation of P(H,) will generally not be as complex as equation (4) might
suggest because the number of origina households represented in household H, is usudly small.
With, say, two original households involved, P(H.) reduces to

P(H.) = P(h,Uh,) = P(h) +P(h,) - P(h,Nh,). (3.4)

A problem with the application of the inverse selection probability approach is that P(hj) may be

known only for households selected for the original sample, and not for other households. Also the
joint probability may not be known. Even when the original sample was an equal probability one, so
that dl the P(h j) are the same, the joint probability may depend on the sample design (for instance,

whether the two households were in the same segment or not). The difficulty of obtaining P(H.) is
amajor drawback with this form of inverse selection probability approach.
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An alternative strategy for developing the weights for time t is to base them only on the

selection probabilities of households selected for the original sample, thus avoiding the difficulty in
obtaining P(H,) noted above. One approach is to identify the set of households hj at time 1 that

would result in household H. being in the sample a time t, and compute the weight for household H.
as

W= Y oW (3.5)
i

where wij/- = 1/pj if household h; , which has at least one member in household H;, was selected for
the original sample and wij’. = 0 if not, where P, = P(hj), and where o; are any set of constants

satisfying JZocij = 1.

With this approach,
E(w;) = p,(L,) +(1-p)0 = 1,
and hence

Ew,) = Y o = 1.
]

Thus, the use of weights w, will yield unbiased estimators of totals for the household population for
any choice of constants «, T provided that X o ;= 1. As indicated above, the principal advantage

of thistype of scheme isthat it requiresinformation only on the initial selection probabilities of the
origind households that were sampled at time 1, which are known. It does not require information
on theinitia sdection probabilities of the other origina households that have members in the current
household, which are often not known.

A natura choice of o isto make them equal for all the original households that lead to the
selection of household H, at time t. Huang (1984) terms this scheme a multiplicity approach. Here

the scheme will be called an equal household weighting scheme. With the equal household weighting
scheme
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w, = ZWU/-/Ci , (3.6)

where C, isthe number of original households represented in household i at time t.

An dternative version of the above approach is one based on original sample persons rather
than households. In thiscase, let Iijk denote individua k from origina household j in household i.

Then
w; = Z Xk: aijkwigk
j

where wi;, = 1 /b, if individual k in housshold h, wasin the original sample and wig, = 0 if not, and
wherethe «;;, areany set of constants satisfying JZ%“ijk = 1. Since the probability of an individual

being selected for the original sample is the same as that of that individual's household,

Ewy) = p,(1p) +(1-p)0 = 1.

In this case, the natural choice of the constants ., ik isto make them equal for all members

of the current household who were digible for selection for the original sample. This produces what
has been termed the fair share weighting scheme (Huang, 1984; Ernst, 1989). This schemeistermed
here an equal person weighting scheme. With this scheme

w. = 1
I MI 1)

where w;; = w;j, is constant for all individualsin household H; emanating from the same sampled
household at time 1, M, j is the number of individualsin household H, coming from household hj,

and M, = ZMij is the number of individuals in household H. who were €éligible for the sample at
J
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time 1. The equal person weighting scheme is applied in the SIPP and is proposed for use in the
SLID.

Although developed herein terms of persons rather than households, it is readily apparent that
the equal person weighting scheme could equally have been generated in terms of households. As

shown above, the household weight w. = Z(xijwij/' satisfies the condition E(w,) = 1 for any set of
J
constants o, such that JZoci ;= L The equa household weighting scheme chooses «; ;=1 /Ci, with

Zocij = 1. Thechoice a;; = Mij/l\/li,with JZocij = 1, leads to the equal person weighting scheme.

It isingtructive to compare the inverse selection probability weighting scheme with the equal
household and equal person weighting schemesin asimple case. Following Little (1989), consider
household H, selected at time t with household members coming fromtwo origina households. Let p,

and p, denote the selection probabilities for the origina households, and let p,, denote their joint
selection probability. Under the inverse selection probability approach, the household weight is

as indicated above.

Under the equal person weighting scheme the weight for household H. depends on which
household or households were selected for the original sample:

=
I

Pl/p1 if only household h, was selected;

W, = Pz/p2 if only household h,, was selected;

=
|

= (P, /b,) + (P,/b,) if both h, and h, were selected;

where P, and P, are the proportions of members of household H. who came from households h,

and h,, respectively (excluding any new entrants to the population). The probability of only
household h, being selected is (p, - p,,), of only household h, being selected is (p,-p,,), and of

both households being sdlected is p,,. The expected value of the weight conditional on household H.
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being in the sample isthus

(pl_ plz)(P]_/pl) +(p2_ plz)(Pz/pz) + plz[(P]_/pl) +(P2/p2)]

E(w,|H. insample) = P—
1 2 12

E(w,|H. insample) = _r . W,

Pt Py~ Py |

As this result demonstrates, the weight for household H. varies depending on which origina

households were selected, but in expectation the weight is the same as that obtained from the inverse
selection probability approach.

Results for the expectation of the weight of household H, under the equal household

weighting scheme can be readily obtained as a specia case of the above derivation in which
P, = P, = %. Inexpectation, the weight is the same as that for the inverse selection probability

approach.

Given that theweight w, = Zocijw”/- satisfies the condition E(w,) = 1 for any set of o such
that Zocij = 1, the question arises as to the optimal choice of the ;. Asillustrated above, the
weight for ahousehold inthe sample at time t (H,) depends on which of the households a time 1 (hj)
leading to the inclusion of H, at time t were selected. In expectation, the weight is equal to the
standard weight from the inverse selection probability approach, w;” . It variesaround w;" according
to which of the hj were selected. One approach is to choose the o; to minimize the variance of the
estimated total Y.

The variance of Y may be expressed as

V(Y) = VE(Y]s) + EV(Y]s) (3.7)



where s denotes the set of households in the sample at time t. Now

H
E w.Y.[s
i=1

- XS:E(Wi|Hi)Yi = YWY, =Y

E(Y|s)

where Y * isthe standard inverse selection probability estimator. Thus

VE(Y|s) = V(Y 7).

The first term in equation (3.7) is thus the variance of the standard inverse selection probability
estimator, and the second term is the additiond variance resulting from the use of weighting schemes

from the class (3.5), w, = Zocijw”/.. The o, may then be chosen to minimize EV(Y]s).

Consider

V(Y|s) V(iini|s)

ij YEV(WIH) + Y Y V.Y, Cov(w,,w, [H, H,.).

i’

Assuming Cov(w,,w, | H,, H.) = 0,



V(Yls) = Y Y2V(w[H)

=y [E (Wi2|Hi) -w

since, as noted above, E(w,|H,) = w;". Thus, assuming Cov(w,,w,| H., H.)) = 0, V(Y[s) is

minimized when E (w;’|H.) is minimized.

Consider the application of this approach to the simple case discussed above in which H. is

composed of members from two original households and let w, = e w;;+(1- o )w;,. Then

o (1- )2 o 12
(pl_ plz)_lz+(p2_ plz)_zl+p12(_l+ I]
EWZ[H.) = i i h P

Pyt P~ Py

Minimizing E(wi2|Hi) IS equivalent to minimizing

A = (P~ Py) pzzo‘i2 + (P~ Pyo) p12 (1-0)? + plz[(pz_ Py e+ pl]z'
Then

JA
a_(x = 2( p]__ p12) pzz(xi - 2( pz_ p12) p]_2 (l_ (Xi) + Zplz(pz_ p]_) [(pz_ p]_) o+ p]_]

Solving aA/aoci = 0 for o, givesthe optimum o, as



-1
o, = |1+ Po” Pro : (3.8)
P~ Py,

If the original households are selected independently, i.e. p,, = p,p,,

-1 -1
o - |1 P,(1-P)} " 1+£ | 39)
pl(l_pz) lljl

where ¥ =P /(1—pj) is the odds of original household hj being selected.

I rrespective of whether the households are sampled independently, in the special case of an
equa probability (epsem) sample of households initidly, with p, = p,,

R
I
N =

oi

Thus, in the two-household case, the equa household weighting scheme minimizes the variance of
the household weights around the inverse selection probability weight when the initial sampleis an
epsem one.

The optima choice of « , given by (3.8) requires knowledge of p,, p, and p,,, and that
given by (3.9) requires independence and knowledge of p, and p,. If these probabilities were

known, then the standard inverse selection probability weight could be employed and would be
preferable. In the case of an approximately epsem sample, the equal household weighting scheme
should be close to the optimal, at least for the two-household case. Thiswould apply, for instance,
in the case of an epsem initia sample, with perhaps a few departures from epsem, and with
nonresponse adjustments that are not too variable. With the equal household weighting scheme,
when only one of the C, original households, hj, in H. was selected for the original sample (as will

generally be the case), then the weight for H, is simply 1/Ci p;-

In the case of anon-epsem initial sample, the choice of the «; j would ideally depend on the
original household selection probabilities. However, since these probabilities are unknown, that
approach cannot be applied. By default, the equa household or equal person weighting schemes may
therefore be employed in this case. It should be noted that the use of these schemes (or any scheme
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with constant aij'ssﬁisfying JZocij = 1) with anon-epsem initial sample still results in an unbiased

estimate Y. The drawback to these 'schemes in such a case is only that the o are suboptimal in
terms of minimizing the variance of Y.

It should be noted that the equal household weighting scheme requires information on the
number of original households h, contributing members to household H. at time t. That number
may be difficult to determine in some cases. Consider, for example, a household at time t that
contains two associated persons. It may sometimes be difficult to determine whether these two
persons were in a single household or in two separate households at the time of the initial sample
selection. The equal person weighting scheme has the attractive feature of avoiding the need for
Wave 1 household information. This feature provides an important reason for preferring the equal
person to the equal household weighting scheme.

The discussion thus far has assumed that there is no nonresponse. In practice, however, there
is household nonresponse at the initial wave and further nonresponse at wave t among households
responding at theinitid wave. Weighting adjustments for household nonresponse at the initial wave
can bereadily handled by treating response as another stage of selection, assumed at random within
weighting classes. Then the quantity p. in the above discussion is redefined to be the product of the
selection probability of original household hj for the first wave and the weighted response rate for
the weighting class in which hj fals. Theinitia weight wij/. is then the inverse of this redefined p;-
With this change, the results given above generdize to the situation where weighting adjustments are
applied for household nonresponse at the initial wave.

The same approach can aso be extended to cover weighting adjustments for households
responding at the initial wave that lead to no responding households at wave t. In this case, the
responding households at the initial wave can be divided into weighting classes based on responses
given at the initial wave, and the weights of households leading to one or more responding
households at wave t can be further adjusted to compensate for those leading to no responding
households at wave t. Therevised wij/- can then be employed in equation (3.5) and subsequently.

Both the above nonresponse adjustments are applied in relation to the origina households.
A further type of household nonresponse cannot be handled in thisway. This type of nonresponse
involves the situation where an original household splits into two or more separate households at
wave t, and where some but not al of those households respond at wave t. In this case the
adjustment for the nonresponding households needs to be made in relation to the wave t households,
H., rather than the original households, h.. If the number of origina households having members
in each wave t nonresponding househoid of this type were known, the weights w, for these
households could be computed using the approach described above. Then weighting adjustments
could be readily applied within weighting classes of the wave t households to compensate for the
nonresponding households. In practice, however, the number of original households having members
in a nonresponding household at wave t may often be unknown. One approach for handling this
gtuation isto estimate this number by the average number for responding households at wave t that
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have smilar characteristicsto (e.g., they are dso splits from origina households), and are in the same
weighting class as, the nonresponding household. Using such estimated numbers where necessary,
the weights w, can be determined for all nonresponding households of the type being discussed.
Standard weighting adjustments can then be applied to the responding households at wave t to
compensate for these nonresponding households.



4. CROSS-SECTIONAL ESTIMATESFOR INDIVIDUALS

This section considers weighting schemes that may be used to produce cross-sectiond
estimates for individuals for any wave of a household panel survey after the first. At a subsequent
wave, wave t, the survey population has changed: some members of the original population will
leave and some new entrants will join the survey population in the period from wave 1 to wave t.
Leaversresult in areduction of the panel sample size from wave 1 to wave t, but do not cause any
biasin the survey estimatesfor wave t. New entrants who join households that contain one or more
members of the origina population can be represented in cross-sectional estimates for later waves of
ahousehold panel survey, but new entrants living in households that do not contain any members of
the original population are not covered (unless a special sample of them can be taken). Given this
Stuation, adecison needs to be made as to whether to restrict the population of inference for cross-
sectiond analyses at wave t to individuals who were in the survey population at time 1 and who are
in the population at time t, thus excluding all new entrants, or whether to define the population of
inference at wave t as all those present at wave t, accepting the noncoverage that will occur with

respect to new entrants who live in households containing no members of the original population.
The latter approach is mainly adopted here.

Lettherebe N indvidudsinthepopulaionattime t, with N, indvidudsinhousshdd H, (i = 1, 2, ... H)
and XN, = N (new entrants living in households containing no members of the original population

are not included here, and are ignored throughout the rest of this section). The members of
household H, come from households hj, h., h,etc, attimel. Let Mij denote the number of

members of household H, at time t who were in household hj at the start of the panel. The sum
M = ZZMij is less than the population size at time 1 because of leavers from the population in the

period fromtime 1 totime t, and M << N because of new entrants to the population who arein
households containing members from the original population.

Consider now the estimation of atotal for the population of individuals at time t:

Y = XHj ' (4.2)

where Y., isthe vauefor individua k inhousehold H,. Asin the household case discussed in the
previous section, a genera estimator for this total can be expressed as



Y = XHj w. Y. (4.2)

where w,, isarandom variable that takes the value w,, = 0 if individua k in household H. is not
in the sample. The estimator Y isunbiased for Y provided that E(w, ) = 1.

There are many waysto satisfy the condition E(w,, ) = 1. Itisinstructiveto consider three

of them. First, let w, = 0 for dl individuas not in the original sample. In this case, the estimator Y

discards the associated persons who are included in the sample because they are living with original
sample persons at time t. Let p, denote the probability of a member of the original population,

individual k residing in household H, at time t, being selected for the initial sample, and let
W, = 1/pik. Then, for such an individual

E(w,) = pik(l/pik)+(l_ PO = 1.

With this scheme, al new entrants to the population have w,, = 0 with certainty. Thus Y in 4.2)

provides an unbiased estimator of the total for the origina population that is still present at time t,
but does not include a component for the new entrants.

Modifications to the above procedure can be made to cover certain types of new entrants.
For instance, births to sampled mothers can be included by assigning them the weight of their
mothers, or if, asin the SIPP, the survey population is taken to be adults aged 16 and over, those
under 16 at the start of the panel can be treated as sampled persons with assigned probabilities, and
they can be included in the analyses of later waves after they have attained the age of 16. Such
modifications do not, however, handle all types of new entrants. Provided that the proportion of
other types of new entrants is small, this deficiency may not be a serious concern.

The weighting scheme that restricts the analysis to origina sample persons, plus certain
Specified new entrants, is employed with the PSID. Itslimitation isthat it fails to make direct use of
data collected for associated persons. Such data may be used to provide information on the situation
of sample persons, but the associated persons are excluded from the sample for the analysis.

In order to include associated persons in cross-sectional analyses for time t, they need to be

assigned positive weights. Following this approach, the only individuals given weights of zero for
cross-sectional andysisat wave t are those for whom no data are collected at that time. Noting that
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the probability of an individual being selected for the sample is the same as that of his or her
household, weighting schemes for cross-sectional analyses of individuals at wave t can be obtained
directly from those for households given in Section 3. Here we will develop the general strategy of
producing weights for cross-sectional analysis at time t based only on the selection probabilities of
members of the original sample, thus avoiding the problems with the inverse selection probability
approach noted in Section 3.

Let I,

denote the weight for every member of household H, for cross-sectional anayses at time t, and let

denote individud k from origina household hj who isnow in household H,. Let w,

W = Z Xk: aijkwi;k
j

wherew;, = 1 /b, if housshold h, wesintheorigind ssmpleand wy, = 0 if not. Then, asbefore, E (w;;,) = 1
for members of the origind population. New entrants, for whom P, = 0, may be handled by setting
Oy = 0. Then

N; M;
Ew,) = ngjaijkE(wijk) - ngjaijk -1
J J

provided that ZZocijk = 1. Under this condition Y is unbiased for Y.

A naturd choice of Cliiy isto set iy = 1/1\/Ii for dl members of the origind population. This
isthe equal person weighting scheme in which every member of household H, at time t (including
new entrants) receives the weight

w, = XJ: Xk:wij/-k/i\/li.

Another choice of the i is that used for the equal household weighting scheme. Let C,
denote the number of original households that have members in household H. at time t. Then



JZ% iy = 1 can be divided equaly between households, with each member of original household hj

being assigned avalue of o, = 1/Ci M;;- Then for original household h,

M,
Xk: o = l/Ci.

The derivation of the ¢, j« fo minimize the variance of the estimated total Y for the population

of individuals follows directly from the corresponding derivation for the population of households
given in Section 3. The estimated total for the population of individualsis

Y- izwikYik = iZWiYik

N; N.

k i k
since the weights for every individual in sampled household H. are the same. This estimated total
can be expressed as

S
Y=Ywy,
i

where Y, = XY, isthe household total for H.. Thus Y can be expressed as a household total, and
the results of Section 3 can be applied directly.

Consider the example from Section 3 in which H. is composed of members from only two
original households, perhaps together with one or more new entrants. In this case the person-level

weight w; = X o, w;j, reducesto



=
I

B ol R S

ociwi/1 +(1- oci)wi/2
where ¢ = X, . Asshown in equation (3.8), the optimum value of «. is

-1
o - [l+ pzplz] .
P~ Py,

Theindividua values ¢ j arenot needed for computing the w,; only the origina household totals %“i i

arerequired. If individud vaues are needed for the Cliiyes they may be smply assigned as Xk:aijk/iv'ij'

Asin the household case, the optimum weighting ¢, requires knowledge of p,, p, and p,,.

If these probabilities are known, the standard inverse selection probability weight w," can be

computed, and would be preferred. In the case of an approximately epsem sample, the equd
household weighting scheme should fare well.

In cross-sectiond andyses of individuals in a household pandl survey, weighting adjustments
for nonresponse and noncoverage can be considered at either the household or the person level. For
the weighting scheme that restricts cross-sectional analyses to original sample persons, person- and
household-level weighting adjustments may be readily applied. At the first wave, the weight based
on each sample respondent's original selection probability can be modified to compensate for
nonresponse at that wave, employing adjustment cells that take account of person-level and
household-level characteristics. Nonresponse at subsequent waves can also readily be based on
person- and household-level characteristics. It should be noted that person-level nonresponse
adjustments lead to a variability of the weights for the original sample persons within households,
even when no change in household composition takes place.

Household-level weighting adjustments can be applied straightforwardly in cross-sectional
analyses of individuals that include associated persons. All that is needed is to adjust the origina

weight w;j, = w;; to compensate for household nonresponse at the first wave, and then to make a
further adjustment at wave t, asdescribed in Section 3.
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Person-level weighting adjustments for cross-sectional analyses of individuals including
associated persons introduce a further complexity. If person-level weighting adjustments are made

at the first wave, the values of the nonresponse adjusted wij/- « Will be different for different members
of the original household hj. As before, let the weight for household H, at wave t be

w; = Z Xk: (xijkWiJ/'k
j

where wij/-k is the nonresponse-adjusted weight for sample person k if household hj was in the
original sample and wij/.k = 0 if household hj was not sampled. Then, treating nonresponse as a

further stage of selection within weighting classes, E(wigk) = 1, ashbefore. Thus w, satisfiesthe
condition that E(w,) = 1 provided that ZZocijk = 1.

With unequal values of wij/.k for different members of the same origina household, the
question arises as to how the «; ik should be chosen. With the equal person and equa household
weighting schemes, e = 0y, aconstant for al members of the original household. These schemes

thusin effect use the average wij/-k instead of the constant wij/-k that applied before. A range of other
choices of Cliiy is also possible. For example, one possibility would be to set iy = 1/Ci for the
member of origina household hj with the smallest weight and ¢, K = 0 for al the other members of

that household. In the SIPP, the complexities of person-level nonresponse adjustments are
avoided by restricting the adjustments to household-level characteristics.

As has been noted, the basic person-level weighting schemes described above assign the same
weight to every member of household H. at time t, and that weight is the same as the household
weight. Moreover, this property is retained when nonresponse adjustments are made only at the
household level. Thus, in this case, there is no need to record a separate household weight, since it
can be readily obtained by taking the weight of any one of the household members.

This equivaence of the household weight and the weight of each household member islogt,
however, if person-level nonresponse adjustments are applied. It is also lost when only household-
level nonresponse adjustments are used but when poststratification adjustments are made at the
person levd, as for example is commonly done to make the weighted sample distribution by age, sex
and race conform to the known population distribution for these variables. These adjustments cause
household members to have different weights. An approach for determining a household weight in
this Stuation isto define one household member as the "principa” person in the household, and use
that person's weight as the household weight. This is the approach to household weighting adopted
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in the SIPP.

By taking the household weight as that of the principa person the need to compute a separate
household weight is avoided. Although this approach should be generally satisfactory for a survey
where the main analytic focus is on person-level statistics, it has its disadvantages. First, there are
no poststratification controls to ensure that the weighted sample number of households conformsto
the known number of households in the population or that the weighted sample household
distributions for key variables conform to known household population distributions for those
variables. Secondly, the use of principal person weights can potentialy lead to some distortionsin
household distributions. Consider, for instance, the effect of a poststratification adjustment at the
person leve that assigns high adjustments to young black males. If ayoung black male is the defined
principa person in aresponding household, that household will receive the high adjustment, and this
may not be appropriate. Thus, if household-level statistics are an important product of the survey,
the development of separate household weights seems advisable.



5. LONGITUDINAL ANALYSESOF INDIVIDUALS

A key analytic advantage of a panel survey is the ability to conduct longitudinal analyses
relating variables for the same sampled units measured at different time points. Since all personsin
origina sampled households are followed throughout the life of the panel or until they leave the
survey population, the data they provide may be readily analyzed longitudinally for any time period
within the panel's time span (although nonresponse adjustments may be needed for panel attrition).
Thus, for example, in aten-year panel, datafor origina sampled persons may be analyzed from year
1 to year 10, from year 5 to year 9, or for any other period. New entrants (e.g., births) may be
included in the andlyss for periods beginning after the start of the panel provided that they are treated
as pane members who are followed throughout the panel even when they |leave the households of
original sampled persons.

Given the weighting schemes described in the previous section, associated persons can be
included in cross-sectional analyses of later waves. These weighting schemes provide a cross-
sectional representation of the population at any wave of the panel (apart from new entrants). Itis
then possible to congder al the sample of original sample members and associated persons at time t
astheinitia sample of anew panel that may be used for longitudinal analyses fromtime t to (t +k).
This procedureis, for instance, used in the SIPP, where all origina sample members and associated
persons present at the start of the second year of the pand are included in analyses relating to that
year.

The limitation to the inclusion of associated persons in longitudinal analysis is that the
following rules used in most household panel surveys specify that associated persons are dropped
from the pandl if they cease living with original sample persons. Thus, associated persons who live
with original sample members at the start of the analysis period but who cease to live with them
before the end of the analysis period effectively become nonrespondents. If the analysis period is
relatively short, the number of such nonrespondents may be small and the risk of serious nonresponse
bias may be negligible. If the analysis period is along one, however, the number of not-followed
associated persons may be appreciable, causing concerns about potential bias. The issue hereis one
of a trade-off between the reduced variance due to the increase in sample size from including
asociated personsin the anadyss versus the increased bias resulting from the additional nonresponse
caused by failing to follow associated persons leaving the households of original sample persons.

It may be noted that it is possible to avoid the additional nonresponse bias by changing the
following rules to specify that associated persons are to be followed from the time they join the panel
for the rest of thelife of the panel, or until they leave the survey population, irrespective of whether
they continue to live with original sample members. This change, however, leads to an expanding
panel, and the need for additional resources. Not only do data need to be collected for associated
persons at waves after they cease to live with sample persons, but data also need to be collected for
any persons with whom the associated persons live at later waves.



6. SUMMARY AND CONCLUDING REMARKS

This paper has described weighting schemes that enable all households for which, and all
individuas for whom, data are collected in the later waves of a household panel survey to be included
in cross-sectiond analyses of those waves. These weighting schemes can accommodate new entrants
to the population who move in to live with members of the original population, but not other new
entrants.

The usual inverse selection probability weighting scheme requires information on the
household selection probabilities of al members of the households sampled at a later wave, as well
asthejoint selection probahilities of the origina households that contribute members to the later wave
households. The inverse selection probability weighting scheme can often not be applied because
these probabilities are unknown. To deal with this problem, an aternative approach that requires
information on only the selection probabilities of sampled origina households is described.

This dternative approach produces a class of weighting schemes including the equal person
(fair share) scheme used in SIPP and the equal household weighting scheme. All the schemesin this
class produce weights that are in expectation equal to those produced by the usual inverse selection
probability scheme. The variance in the weights around the inverse selection probability weights gives
riseto anincrease in the variance of the survey estimates. When the original households are selected
with gpproximately equa probability, the equal household weighting scheme is near optimal for both
household and individual level analyses to control thisincrease in variance.

The dternative class of weighting schemes produces unbiased estimates of population totals
for any choice of congtant o, j that satisfies the condition J_Zoci ;=1 and for any initial sample design.

The equa household and equal person weighting schemes are, however, suboptimal for non-epsem
initid samples. One of them may nevertheless be the appropriate scheme for such designs, because
the optimal choice of the o, depends on the unknown initiad selection probabilities, and hence cannot
be determined. The equal household and equal person weighting schemes have different data
requirements, in that the former requires information on Wave 1 household composition whereas the
latter does not. The fact that this information may not always be readily obtainable thus arguesin
favor of the equal person weighting scheme.

The cross-sectiona individual weights for a particular wave can be used as the starting
weights for a longitudinal analysis that begins at that wave. This procedure includes associated
persons present at that wave in the longitudinal analysis. However, if associated persons are not
followed when they cease to live with sampled persons, those who leave sample persons before the
end of the period of the longitudind anadysis become nonrespondents. Before associated persons are
included in alongitudinal analys's, a check should therefore be made to ensure that their inclusion will
not give rise to risks of serious nonresponse bias.



The class of weighting schemes described has a broader range of application than that
indicated here. It can in fact be usefully applied in any Stuation where an inverse selection probability
weighting scheme would be appropriate, but where not al the inclusion probabilities and joint
inclusion probabilities are known. Consider, for instance, the modified version of the Mitofsky-
Waksberg random digit dialing sampling procedure for telephone surveys described by Brick and
Waksberg (1991). A sample of telephone numbers (primes) is selected at the first stage of this two-
stage sample design. If aprime number is found to be a working residential number, that household
is selected and afixed number of additiona telephone numbers in the same 100-bank is selected. The
households found at these numbers are then all included in the sample. If a prime number isnot a
working number, the sampling process stops. With this procedure, the probability of a working
resdentid number being selected depends on the number of working residential numbersin its 100-
bank, and hence differs across 100-banks. This probability can be estimated from the sample of
telephone numbersin the 100-bank. A complication arises, however, when a sasmpled household has
two or more telephone numbers. In this case, the selection probability of the sampled telephone
number can be estimated, but those of the nonsampled numbers cannot. Thus, the standard inverse
selection probability weighting scheme cannot be used. However, the alternative weighting scheme
described here can be employed.
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